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@) Ruorine-contalnlng olefin. 

© A fluorine-containing olefin of the formula: CF,= 
CF(CF,) m (CH 2 ) n OH wherein m is 0 or an integer of 1 to 10 and 
n is an integer of 1 to 4, which is copolymerizable with 
various ethylenically unsaturated compounds and provide 
fluorine-containing copolymers useful as raw materials for 
room temperature curing paints, fluorine-containing rub- 
bers and the like. 
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Title: FLUORINE— CONTAINING OLEFIN 



The present invention relates to a novel 
fluorine-containing olefin, and more particularly to a 
novel fluorine-containing olefin useful as a monomeric 
material for preparing fluorine-containing polymers. 
5 It is an object of the present invention to 

provide a novel fluorine-containing olefin. 

A further object of the present invention is 
to provide a novel fluorine-containing olefin having a 
functional group. 
10 A still further object of the present invention 

is to provide a novel' fluorine-containing olefin which is 
copolymer izable with ethylenically unsaturated compounds 
and provide fluorine-containing copolymers useful as raw 
materials for paints and f luororubbers curable at room 
15 temperature. 

These and other objects of the present 
invention will become apparent from the description 

hereinafter. 

In accordance with the present invention, there 

20 is provided a fluorine-containing olefin of the formula: 

r 

CF 0 =CF(CF 0 ) (CH 0 ) OH 
2 2 m 2 n 

wherein m is 0 or an integer of 1 to 10 and n is an 

25 integer of 1 to 4. 

The fluorine-containing olefins of the present 
invention are copolymer izable with ethylenically 
unsaturated compounds such as ethylene and propylene, 
and ethylenically unsaturated fluorine-containing 

30 compounds such as tetraf luoroethylene, chlorotr if luoro- 
ethylene and 1,1-dif luoroethylene. The copolymers of the 
fluorine-containing olefin of the invention and other 
olefins can be utilized as raw materials for room 
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temperature curing fluoro-resin paints and fluoro- rubbers 

The novel fluorine-containing olefin of the 
present invention having the formula (1): 

CF 2 =CP(CF 2 ) m (CH 2 ) n OH (1) 

wherein m is 0 or an integer of 1 to 10 and n is an 
integer of 1 to 4 , 

can be synthesized, for instance, by preparing a compound 
of the formula ( 2) : 

CF 2 X 1 CFX 2 (CF 2 ) m {CH 2 ) n OH (2) 

wherein X 1 and X 2 are the same or different and each is 
chlorine or bromine, and m and n are as defined above, 
and causing chlorine and/or bromine to eliminate from the 
compound { 2) . 

The compound (2) can be prepared by various 
processes, for instance, by the following processes (a), 
(b) and (c) . 

(a) The compound (2) is prepared by reducing a 
compound of the formula (3): 

CF^CFX^F^OOR (3) 

wherein X 1 and X 2 are as defined above, and R is a 
lower aliphatic group or an alicyclic group, 
with a reducing agent as used in a usual reduction 
reaction, e.g. hydrogen (used with a catalyst such as 
platinum oxide or palladium), lithium aluminum hydride, 
sodium borohydride or lithium borohydride. The reaction 
is carried out in a solvent such as water, ethers or 
alcohols. at a temperature of 5° to 100°C, usually at" a 
reflux temperature of the reaction solvent used. 
Examples of the solvent are, for instance, diethyl ether, 
dibutyl ether, tetrahydrofuran, dioxane, N-methyl- 
moirpholine, methanol, and the like. In case of using 
hydrogen as a reducing agent, the reaction pressure is 
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usually from 1 to 150 atms, and in case of other reducing 
agents, the reaction is conducted at atmospheric pressure. 
The amount of the reducing agent is from a stoichiometric 
amount to 10 times the stoichiometric amount. 
5 (b) In another process for preparing the 

compound ( 2 ) , a compound of the formula ( 4 ) : 

CF^CFX 2 ( CF 0 ) I ( 4 ) 

1' 2 

10 wherein X , X and m are as defined above, 

is reacted with ethylene by using a radical-producing 
compound, e.g. peroxides and azo compounds, as a catalyst, 
by ultraviolet radiation, or by heating, to generate 
iodine radical, thereby producing a compound of the 

15 formula: CF 2 X 1 CFX 2 {CF 2 ) m CH 2 CH 2 I wherein X 1 , X 2 and m are 
as defined above. A reaction solvent such as a 
halogenated hydrocarbon or water may be employed. The 
compound (2) is obtained by reacting the thus produced 
compound with chlorosulf onic acid and water in that 

20 order. In this oxidation reaction, a reaction solvent 
such as a halogenated hydrocarbon may be employed. 
Examples of the peroxides are, for instance, t-butyl' 
peroxyisobutyrate, t-biitylperoxy ( 2-ethylhexanoate ) , 
isobutyryl peroxide and di-isopropyl peroxydicarbonate. 

25 Examples of the azo compounds are, for instance, 

azobisisobutyronitrile. Both the above-mentioned former 
ethylene addition reaction and latter oxidation reaction 
are conducted at a temperature of 15° to 200°C. The 
reaction pressure is from T to 50 atms for the ethylene 

30 addition reaction and from 1 to 10 atms for the oxidation 
reaction. 

(c) The compound (2) is also prepared by 
subjecting the "compound (4) and allyl* alcohol to a 
radical reaction in the same manner as in the above 
35 process (b) to produce a compound of the formula: 

CF 2 X 1 CFX 2 (CF 2 ) m CH 2 CHICH 2 OH wherein X 1 , X 2 and m are as 
defined above, and then reducing the resulting compound. 
The former reaction is carried out usually at a 
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temperature of 15° to 150°C and a pressure of 1 to 10 
atms. The latter reduction reaction can be conducted in 
the same manner as in the process (a). 

The compound (2) as obtained by the above 
processes (a), (b* and (c) is reacted with a dehaloge- 
nation agent such as zinc, magnesium, tin, sodium or 
potassium to eliminate chlorine and/or bromine. The 
reaction is carried out at a temperature . of 0° to 150°C, 
preferably 50° to 100°C, at a pressure of 1 to 10 atms in 
a reaction solvent such as water, dimethylf ormamide, 
methanol' or acetone. 

The present invention is more specifically 
described and explained by means of the following 
Examples. It is to be understood that the present 
invention is not limited to the Examples, and various 
changes and modifications may be made in the invention 
without departing from the spirit and scope thereof. 

Example 1 
[Synthesis of CF 2 =CFCH 2 CH 2 OH] 

(1) A*T liter autoclave equipped with a stirrer 
and a thermometer was charged with 1 --mole (279 g) of 
CF 2 C£CFC£I and 3 g of t- butyl peroxy isobutyrate. After 
degassing, ethylene was supplied to the autoclave and the 
reaction was carried out at a temperature of 70° to 80°C, 
while maintaining the inner pressure at 5 kg/cm 2 G with 
supply of ethylene, until* no ethylene was consumed. The 
reaction mixture was taken out and was rectified, thus 
CF 2 C£CFC!CH 2 CH 2 I ( bo iling point : 68° to 70°C at 25 mmHg ) 
was obtained in a yield of 9 6 *. 

(2) A 1 liter flask equipped with a stirrer 
and a thermometer was charged with 0.5 mole (151.5 g) of 
CF 2 C£CFC£CH 2 CH 2 I and 1 mole. (116. 5 g) of chlorosulf onic 
acid, and the reaction was carried out at 40°C for 24 
hours. The obtained reaction mixture was added dropwise 
to water, and the under oil layer was taken out and 
rectified to give 82 g of CF 2 C JtCFCiCH^H^OH (yield: 
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(3) A 1 liter flask equipped with a stirrer, 
a thermometer, a reflux condenser and a dropping funnel- 
was charged with 300 ml of water and 100 g of zinc, and 
0,5 mole (98.5 g) of CF 2 C£CFCiCH 2 CH 2 OH was added dropwise 
to the flask at a temperature of 50 to 60°C. The inner 
temperature rose to 80°C by heat generation with start of 
the reaction. After the completion of the dropwise 
addition, the reaction was continued at 80°C for 5 hours. 
The obtained organic compound was rectified to give 
CF 2 =CFCH 2 CH 2 OH (boiling point: 93°C at 760 mmHg ) . The 
yield throughout the steps (1) to (3) was 73 *. 

The obtained product was subjected to nuclear 
magnetic resonance (NMR) analysis. The results are shown 
below. 

NMR data in which fluorine atom and hydrogen atom are 
indicated as follows: 



bf/- \ a e £ 



CH 2 CH 2 OH 



19 

F (external- standard: CF 3 COOH, high magnetic field 

side: +, hereinafter the same) 



Fluorine 
atom 


+d (ppm) 


Spin-spin bond (Hz) 


a 


26.9 


dV d ' fc ' J gem= 89 ' J cis= 34 ' J F-H= 2 


b" 


47.0 


d ' d ' J trans= 114 ' J genT 89 ' 
J F-H= 4 


c 


97.8 


d, a, t, J cis =34, J trans =n4, 

J F-H = 21 
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H { internal 
same ) 


standard: 


tetramethylsilane, hereinafter the 


Hydrogen 
atom 


rt i T\TWC\ \ 


bpm-spm bona (Hz) 


A 


^ . D 7 


d» m, J F _ H =21 


e 


3.83 


fc ' J H-H= 7 


f 


4.4 


s 



Example 2 
[Synthesis of CF ^FCF^F^H^H^H] 

liter autoclave equipped with a stirrer 
and a thermometer was charged with 1 mole ( 279 g) of 
CF 2 CiCFCiI f 5 g of t-butyl peroxyisobutyrate and 100 g of 
water. After degassing, tetraf luoroethylene was supplied 
to the autoclave and the reaction was carried out at a 
temperature of 70° to 80°C, while maintaining the inner 
pressure at 3 kg/cm 2 G with supply of tetraf luroethylene. 
After the completion of the supply of 1 mole of tetra- 
f luoroethylene, the reaction mixture was allowed to stand 
for some time and the reaction was finished. The re- 
action mixture was rectified. Employing the thus obtained 
product, the desired compound CF 2 =CFCF 2 CF 2 CH 2 CH 2 OH was 
prepared in the same manner as in the steps (2) and (3) 
of Example 1. The boiling point of the final product was 
107 C at 200 mmHg, and the yield throughout the whole 
reactions was 77 

The results of NMR analysis are shown below. 

NMR data in which fluorine atom and hydrogen atom are 
indicated as follows : 



35 



a F F c 

\ / 

b / \defgh 

P CP 2 CP 2 CH 2 CH 2 OH 
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Fluorine 

Ct L> will . 


+<? (ppm) 


Spin-spin bond (Hz). 


5 


a 




' * .* gem cis F-F 




D 


^n 


d, d, t, t, J trans -116, J gem -60, 
J F _ F =28.5 






111 4 


r\ r\ m .7 =116. J =40. 

* trans cis 


10 


d 


42.7 


m 




e 


37.8 


t , m, Jp_^=18 




rl 


- 




15 
















Hydrogen 
atom 


£ (ppm) 


Spin-spin bond (Hz) 




f 


2.4 


t, t, J F _ H =18, J H-R =7 


20 


g 


3.9 


fc ' J H-H= 7 




h 


4.6 


s 



Example 3 
[Synthesis of CF 2 =CFCF 2 CH 2 OH] 

25 A 1 liter flask equipped with a stirrer, a 

thermometer, a reflux condenser and a dropping funnel 
was charged with 5.5 g of LiA£H^. After replacing air 
in the flask with nitorgen, 200 ml of diethyl ether was 
added dropwise to the flask through the dropping funnel. 

30 Thereafter, 200 ml of a diethyl ether solution of 0.1 
mole (26.1 g) CF 2 C£CFC£CF 2 COOCH 3 was added dropwise to 
the flask through the dropping funnel over about 2 hours 
with stirring, and diethyl ether was then refluxed for 
about 15 minutes under heating. 

35 The reaction mixture was cooled to room 

temperature, and water was added to the flask to 
decompose the unreacted LiAjfcH^ . The reaction mixture was 
then acidified with diluted hydrochloric acid. An 
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organic layer was taken out, and rectified to isolate 
CF 2 C1CFC!CF 2 CH 2 0H ( boiling point : 85°C at 30 mmHg).' The 
yield was 85 t. 

Dechlorination reaction was then carried out 
5 in the same manner as in the step (3) of Example 1 to 
give CF 2 =CFCF 2 CH 2 OH (boiling point: 96°C at 760 mmHg). 
The yield throughout the whole reactions was 70 *. 

The results of NMR analysis are shown below. 

10 NMR data in which fluorine atom and hydrogen atom are 
indicated as follows: 



c=c' 

F x CF 2 CH 2 OH 

19 F 



20 



25 



Fluorine 
atom 


+ d (ppm) 


Spin- 


spin bond (Hz) 


a 


18.8 • 


d, 


d, 


fc ' J gem= 68 ' J cis= 37 ' ^-F^ 6 


b • 


33 


d, 


m, 


Jtrans^ 13 


c 


112.5 


d, 


d, 


m, J cis =37, J trans =H3, 


d 


35.1 


m 








Hydrogen 
atom 


d (ppm) 






Spin-spin bond (Hz) 


e 
f 


4.0 
4.7 






t, J H _ p =H5 

s 



Example 4 

35 [Synthesis of CF 2 =CFCH 2 CH 2 CH 2 OH ] 

A 1 liter flask equipped with a stirrer, a 
thermometer, a reflux condenser and a dropping funnel 
was charged with 279 g of CF 2 C£CFC£I and 3.5 g of 
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azobisisobutyronitrile. After heating to 90°C with 
stirring, 75 g of allyl alcohol was added dropwise to 
the flask through the dropping funnel • The reaction was 
further continued at a temperature of 9 0° to 9 5°C for 
5 15 hours. The unreacted starting material was removed 

from the reaction mixture under reduced pressure to give 
30 3 g of CF 2 ClCFCiCH 2 CHICH 2 OH. 

To* the above product were added 50 0 ml of 
diethyl ether and 25 g of LiAiH^ , and the reduction 
10 reaction was carried out under reflux of diethyl ether to 
give 125 g of CF 2 CiCFCICH 2 CH 2 CH 2 OH . The yield was 65 

Dechlorination reaction was then carried out 
in the same manner as in the step (3) of Example 1 to 
give CF 2 =CFCH 2 CH 2 CH 2 OH (boiling point: 95°C at 155 
15 mmHg). The yield throughout the whole reactions was 55 

The results of NMR analysis are shown below. 

NMR data in which fluorine atom and hydrogen atom are 
indicated as follows: 



20 



30 



a F F C 



b \ d e f g 
°F x CH 2 CH 2 CH 2 OH 



25 19 P 



Fluorine , * , * - ■ - , , TT x 

atom " 'PP m ' Spin-spin bond (Hz) 

29.9 d, d, t, J gem =92, J cis =33, J H _ p =2 

b 48.5 d, d, t, J trans =H6, J gem =92, J H _ p =4 

97.5 d, d, t. J trans =H6, J cis =33, J F ^ H =22 
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10 



20 



Hydrogen 
atom 


A ( nnm \ 

w \ srhr il1 * 


opin— spin oon a inz j 


d 


2.6 


d, m, J p _ H =22 


e 


2.05 


q ' J H-h" 7 


f 


3.86 


fc ' J H-H= 7 


g 


5.33 


s 



Example 5 

A 1 liter glass autoclave was charged with 

400 g of tetraf luorodichloroethane, 250 ml of water, 

15 2 g of di-isobutyryl peroxide and 5.5 g of the monomer C^' Z L^\C^ 

synthesized in Example 2. After degassing, a monomer c4C# ^If- 

mixture of 1, 1-dif luoroethylene and chlorotrif luoro- 

ethylene in a molar ratio of 9 : 1 was supplied to the 

autoclave, and the polymerization was carried out at 

40°C for 21 hours with stirring, while maintaining 

2 

the pressure at 8 kg/cm with supply of the monomer 

mixture and adding 1 g of di-isobutyryl peroxide and 5 g 

of the monomer synthesized in Example 2 every 5 hours. 

The pressure is released, and the reaction mixture was 
25 taken out, washed with water and dried at 80°C to give 

85. g of a copolymer. 

In 70 g of isobutyl acetate was dissolved 30 g 

of the copolymer, and 13 g of hexamethylene diisocyanate 

trimer was added to the solution. The solution was cast 
30 onto an aluminum plate and cured. The cured film was 

transparent and glossy and had a pencil hardness of 2H. 

The film was also subjected to an accelerated weathering 

test by Weather-O-Meter for 4,000 hours, but there was 

little change and the film had a very excellent 
35 weatherability as compared with a polymethyl methacrylate 

film tested simultaneously. 

In addition to the ingredients used in the 

Examples, other ingredients can be used in the Examples 
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as set f orth . in the specification to obtain substantially 
the same results* 
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1 1. A fluorine-containing olefin of the formula 

2 CF^=CF( CF 0 ) (CH ') OH 

^ 2 m 2 n 

3 wherein m is 0 or an integer of 1 to 10 and n is an 

4 integer of 1 to 4. 
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